Ⅰ. Introduction
The necessity of chemical hazard evaluation has increased, because the frequency of chemical exposure for workers is increasing as the chemical related industries have been developed. Many chemicals that are used in industry represent current concerns since they may pose genotoxicity for humans, and also have become widespread as environmental pollutants, thus leading to concerns about a variety of chemicals that possibly threaten the health of workers. In this respect, the evaluation and regulation of chemical hazards are important to workers' health and their working environment.
The major use of allyl chloride is in the synthesis of allyl compounds (O'Neil, 2001) , synthesis of intermediates for manufacture of polymers, resins, and plastics (ILO, 1983) , thermosetting resins for (Hawley, 1977 NOES Survey 1981 -1983 has statistically estimated that 3,195 workers(325 of these are female) are potentially exposed to allyl chloride in the US.
The occupational exposure to allyl chloride may occur through inhalation and dermal contact with this compound at workplaces where allyl chloride is produced or used (NIOSH, 2005) .
With references, the genotoxic results have been reported for studies on rat dominant lethal; mouse sperm head morphology; drosophila sex-linked recessive lethal; in vitro unscheduled DNA synthesis (UDS) in human fibroblasts; and rat bone marrow cytology studies, all of which were negative (ACGIH, 2001) . Investigators tested this chemical for its ability to induce gene mutations in prokaryotic and eukaryotic microorganisms. The Salmonella reversion test with strains TA1535 and TA100(with and without activation), a forward and back mutation system in Streptomyces coelicolor and two forward mutation systems in Aspergillus nidulans were used. The spot and plate incorporation assay techniques were employed. It was active in S. typhimurium and S. coelicolor and negative in A. nidulans (ACGIH, 2001 ).
This chemical caused DNA damage in bacteria, was mutagenic to bacteria and fungi and induced gene conversion in yeast. It can bind to isolated DNA, although it is a weak alkylating agent. Five alkylated bases have been identified: N3-allyladenine, N6-allyladenine, N2-allylguanine, N7-allylguanine and O6-allylguanine (IARC, 1999 The direct method(24 and 48 hour treatment) without a co-factor supplemented post-mitochondrial fraction(S9), the CHL/IU cells were cultured for 3 days from aliquot of 2x10 4~4 x10
4 cells, in a 60 mm diameter plate. With metabolic activated method(6 hour treatment), the most commonly used system is a co-factor supplemented post-mitochondrial fraction(S9) prepared from the livers of rodents treated with enzyme-inducing agents such as Aroclor 1254, or a combination of phenobarbitone and β-naphthoflavone.
In the metabolic activated method, the cells were cultured using conditions identical to the direct method. Slides for observation of chromosomal samples were made from 5 mL media aliquots, with 18 hour supplementary culture, after removal and washing of the cell layer with 5 mL fresh media. The ratios of chromosomal aberration using the direct method are shown in table 3 and 4. No diploid presence was observed at any concentration both 24 and 48 hour treatment. The structural chromosomal aberrations were < 5.0% in both without gap(-gap) and with gap(+gap) groups. No dependency between chromosomal aberrations and dosages was observed.
The ratios of chromosomal aberration using the metabolic activated method are shown in table 5. All results were the same as the direct method. It was shown that this chemical does not induce any chromosomal aberrations, using either the direct method(24 hour and 48 hour treatment) or the metabolic activated method(6 hour treatment) in CHL cells.
Ⅳ. Discussion
Since insufficient or controversial information was available about the potential hazards of allyl chloride, this in vitro chromosomal aberration assay with CHL fibroblast cells was conducted. Moreover, toxicological information from this study could be used for workers' right to know, and to prepare or update the Materials Safety Data Sheet(MSDS) in many chemical related industries.
In epidemiological studies, twenty-six subjects in one factory were exposed to allyl chloride at levels of 2.6 to 6650 mg/㎥(0.83 to 2127 ppm) for 2.5 months to 6 years; in another factory, twenty-seven subjects were exposed at 0.2 to 25.13 mg/㎥(0.06 to 8.03 ppm) for periods of 1 to 4.5 years. Most workers in the first factory had weakness, paresthesia, and numbness in the extremities. Similar symptom of workers in the second factory were much milder; there were few abnormal neurological signs. Evidence obtained indicated chronic allyl chloride exposure caused toxic polyneuropathy (ACGIH, 2001 ).
This study was conducted because insufficient information was available about the potential hazards of allyl chloride. We are performed in vitro chromosomal aberration study with direct method and metabolic activated method, and it is concluded that the allyl chloride is not a mutagen with these test conditions. This chromosomal aberration test is used to screen for possible mammalian mutagens or carcinogens. Most of chemicals that are positive in this test are mammalian carcinogens; however, there is not a perfect correlation between this test and carcinogenicity. Correlation is dependent on chemical class and there is increasing evidence that there are carcinogens that are not detected by this test, because they appear to act through mechanisms other than direct DNA damage.
According to OECD GLP guideline, the Chinese hamster lung(CHL/IU) cell line is routinely used, and performed the cell proliferation test, pre-test and main test with both direct and metabolic activated method. For the justification of dose level, we judged according to the results of cell proliferation study, if cytotoxicity is evident, the high dose in the main study for short time treatment with and without metabolic activation, and continuous treatment without metabolic activation are selected as calculated inhibitory concentration(IC50) and sequentially diluted by a geometric ratio of 2 to produce 3 additional lower dose levels. The positive and negative control groups are also used. If cytotoxicity is not evident, the high dose in the main study for short time treatment with and without metabolic activation and continuous treatment without metabolic activation are selected and sequentially diluted by a geometric ratio of 2 to produce the additional lower dose levels.
Allyl chloride is classified with possible human carcinogen. This classification is based on a low(but biologically important) incidence of forestomach tumors in female mice and positive results in a variety of genetic toxicity tests. None has the human carcinogenicity data, limited animal carcinogenicity data (EPA, 2000) . Since there is inadequate evidence in humans for the carcinogenicity, and inadequate evidence in experimental animals for the carcinogenicity, so it is not classifiable as to its carcinogenicity to humans(Group 3) (IARC, 1999) . It is also classified to A3, a confirmed animal carcinogen with unknown relevance to humans (ACGIH, 2008) . A bioassay for possible carcinogenicity of technical grade allyl chloride was conducted using
Osborne-Mendel rats and B6C3F1 mice (NIH, 1978) . Under the conditions of this bioassay, no evidence of carcinogenicity was noted for allyl chloride in
Osborne-Mendel rats of either sex. The results are suggestive that allyl chloride is carcinogenic in male and female B6C3F1 mice since the chemical when administered by gavage, caused a low incidence of neoplastic and nonneoplastic lesions of the forestomach. With chronic toxicity or carcinogenicity, in course of 8 months repeated oral doses of 0.015 mg/kg/day did not lead to morphological changes or other effects in rats (Bingham et al., 2001 ). Allyl chloride was tested for carcinogenicity by gavage in mice and rats, by skin application in mice, both by repeated application and in a two-stage assay, and by intraperitoneal injection in mice. Following its oral administration to mice in an experiment that was compromised by high mortality in males, a nonsignificant increase in the incidence of squamous cell papillomas and carcinomas of the forestomach was observed in both sexes. No skin tumours were observed in mice following repeated skin applications. Following intraperitoneal injection in strain A mice, there was a marginal increase in the multiplicity of lung adenomas (IARC, 1999) .
To summarize the results of the above, for protect the workers' health, it must maintain good ventilation, working in fume hood or with closed system if possible; otherwise, use enough ventilation so that the odor of allyl chloride does not persist (Lewis, 1996) . Also it must wear appropriate personal protective clothing and eye protection. Facilities for quickly drenching the body should be provided within the immediate work area for emergency use where there is a possibility of exposure. Respirator is recommended up to 50 ppm, with any self-contained breathing apparatus with a full facepiece, any supplied-air respirator with a full facepiece (NIOSH, 2003) .
Workers should immediately wash the skin when it becomes contaminated, and work clothing that becomes wet should be immediately removed due to its flammability (NIOSH, 2003) . If in eyes, first rinse with plenty of water for several minutes(remove contact lenses if easily possible), then take to a doctor, and if also ingested, it must rinse mouth, give a slurry of activated charcoal in water to drink, give plenty of water to drink, refer for medical attention (IPCS, 2005) . For the protection from physical damage, it must store in cool, dry, well-ventilated location away from any area where fire hazard may be acute. Outside or detached storage is preferred, and it must separate from oxidizing materials(NFPA, 2002).
Ⅴ. Conclusion
Despite large amounts of allyl chloride being used, the available genotoxicity data for this chemical remains controversial. This study is believed to be the first involving a chromosomal aberration test with a cultured Chinese hamster lung fibroblast cell line. In conclusion, the test substance allyl chloride did not show any evidence of inducing chromosomal aberrations in Chinese hamster lung (CHL/IU) cells under the conditions of this study.
This study should help to improve the testing of this chemical by commonly-used genotoxicity testing methods as well as investigations on the underlying mechanisms and the interpretation of genotoxicity data on this hazardous chemical and could be applicable for workers' health.
